The yield of extractive substances, antioxidant activity, as well as total phenolic and total flavonoid contents of aqueous-ethanolic extracts obtained from aerial parts of Galium mollugo L. by different extraction techniques (maceration, reflux and ultrasonic extraction) are reported. The antioxidant activity of extracts was tested by measuring their ability to scavenge a stable DPPH free radical, while the total phenolic and total flavonoid contents were determined according to the Folin-Ciocalteu procedure and a colorimetric method, respectively. The Duncan's multiple range tests were used to evaluate if there were significant differences among yields of extractive substances, total phenolics, total flavonoids and EC 50 values for the extracts obtained by different extraction techniques. The extracts obtained by the reflux extraction contained higher amounts of extractive substances, as well as phenolic and flavonoid compounds, and showed a better antioxidant activity than those obtained by the two other recovering techniques. Due to an ever increasing number of malignant, cardio-vascular diseases and infections, in recent times, the attention is drawn to plants with antioxidative activity. These disorders are considered to be provoked, in most cases, by harmful effects of free radicals [1, 2] . Antioxidants can be natural or synthetic compounds with an ability to scavenge free radicals and prevent oxidation [2] . Antioxidants stabilize substances inclined to oxidation, i.e., they impede the new degradation. Antioxidative properties of various spicy herbs have been long known, and they were used as food supplement not only to improve the flavor but also to preserve the food quality [3] . A great number of natural antioxidants occur, the most important among them being vitamins such as α-tocopherol [4], ascorbic acid [5, 6] , retinol, thiamin and riboflavin, flavonoids [7] , and phenolic acids [4] . Synthetic antioxidants, which are claimed to stimulate the development of cancer in human tissues [8] , are replaced by active natural antioxidants, and many researchers have aimed towards studies of antioxidant activity of different plant materials [9] .
genus Galium with 37 species [10] . The aerial parts of a perennial herb from this genus, lady's bedstraw (Galium) are collected during dry and sunny days of the blooming period, to be used as a drug. In the traditional medicine, lady's bedstraw is used as a diuretic, sedative or spasmolytic, as well as for the treatment of skin and rheumatic diseases [11] . Yellow lady's bedstraw (Galium verum) has been studied both chemically and pharmacologically [12, 13] , while there is little data on white lady's bedstraw (Galium mollugo). Yellow lady's bedstraw (Galium verum) contains essential oils [14] , phenols [15] , flavonoids [10, 15] , as well as various types of anthraquinone [16, 17] . The antioxidative activity of yellow bedstraw extracts has been proven by Lakić et al. [10] . The white lady's bedstraw contains flavonoids, but their yield is three times less than that of yellow lady's bedstraw [15] .
The available research works present no data on the influence of different extraction techniques on the yield of extractive substances from the aerial parts of white lady's bedstraw. Furthermore, there is no comparative study of antioxidant activity of its extracts obtained by different extraction techniques.
Ultrasonic extraction has been widely used for recovering bioactive substances from different parts of a number of medicinal herbs [18] . The effect of ultrasound on the kinetics and the yield of extractive substances from the plant material is hard to predict because it depends on many factors such as the nature of plant material and the bioactive substances, system phases, solvomodule, type of ultrasonic extractor, the power and frequency of ultrasound, and so on [19] [20] [21] . Ultrasound usually increases the extraction yield at lower temperatures in shorter times, and therefore, ultrasonic extraction is faster than the traditional techniques, such as maceration and Soxhlet extraction [22--24] .
In the present work, the extraction of extractive substances from the aerial parts of G. mollugo by ultrasonic and classical solvent extractions (maceration and reflux extraction) using an aqueous ethanol solution (50% vol.) as the extracting solvent was studied. The aim of this work was to compare the yields of extractive substances, as well as total phenolic and flavonoid componds in the extracts obtained by different extraction techniques. Additionally, the antioxidant activity of the extracts obtained by different extraction techniques were compared. Potentials of the aqueous ethanolic G. mollugo extracts for practical uses have not been previously studied in detail, so this work provides important data about the natural antioxidants present in the aerial parts of G. mollugo.
EXPERIMENTAL

Plant material
The aerial parts of white lady's bedstraw (Galium mollugo) were collected during the blooming season of the plant at the foot of the mountain Kruševica, south Serbia. The plant material was dried at the room temperature and ground by a mill (Alpina) immediately before the extraction. The mean particle diameter (0.75 mm) of the grounded plant material was determined by the sieve analysis.
Chemicals and reagents
The Folin-Ciocalteu reagent, 2,2-diphenyl-1-picrylhydrazil (DPPH), gallic acid and rutin were obtained from Sigma (St. Louis, USA). Sodium carbonate, potassium acetate and aluminum chloride hexahydrate were purchased from Merck-Alkaloid (Skopje, FYR Macedonia). All other chemicals were of analytical reagent grade.
Extraction techniques
Maceration
The grounded plant material (7.5 g) and the aqueous ethanol solution (50 vol.%; 150 ml) were put in Erlenmeyer flasks, which were then placed in a thermostatted water bath. The extraction was performed at 25 °C in 24 h. At the end of the extraction, the liquid extract was separated from the solid residue by vacuum filtration. The solvent was evaporated in a rotary vacuum evaporator at 40 °C to constant weight of dry extract. The obtained extracts were stored in a freeze for subsequent analysis.
Reflux extraction
Grounded plant material (7.5 g) was extracted with the aqueous ethanol solution (50% vol.; 150 ml) by the maceration under reflux. The reflux extraction was carried out at the boiling temperature for 240 minutes. Dry extract was obtained using the same procedure as described in the previous section.
Ultrasonic extraction
Grounded plant material (7.5 g) was extracted with aqueous ethanol solution (50 vol.%; 150 ml) in the presence of low-frequency ultrasound. Sonication was performed for 90 min using an ultrasonic cleaning bath (Sonic, Niš, Serbia; internal dimensions: 30×15×20 cm; total nominal power: 3×50 W; and frequency: 40 kHz). The temperature was maintained at 25 °C. At the end of the extraction process, the liquid extract was separated from the solid residue by vacuum filtration. Dry extract was obtained using the same procedure as described in the previous sections.
Extractive substances yield
The yield of extractive substances (dry extract) was calculated from the mass of the dry extract after the solvent evaporation and the mass of the original plant material, % (w/w).
Analytical methods
DPPH assay
The capacity of extracts to scavenge free DPPH radicals was determined by the DPPH test [25, 26] , according to the procedure described in details elsewhere [27, 28] .
Total phenolics content
The total phenolics content in the extracts was determined spectrophotometrically according to the Folin-Ciocalteu method [29] using gallic acid as a standard.
Total flavonoids content
The total flavonoids content was determined according to the aluminum chloride colorimetric method [30] . The procedure described in details can be found elsewhere [28] .
Statistical analysis
Results are expressed as the mean ±SD of three independent experiments. Duncan's multiple range test was used to evaluate if there were significant differences among yields of extractive substances, total phenolics, total flavonoids and EC 50 value for extracts obtained by maceration, reflux and ultrasonic extraction. The values that have no common superscript are significantly different according to Duncan's multiple range test. The level of confidence used in the statistical analysis of the data was 95%.
RESULTS AND DISCUSSION
Yield of extractive substances
The yields of extractive substances obtained by the maceration, reflux and ultrasonic extraction of G. mollugo aerial parts are given in Table 1 . It seemed that the extractive substance yield depended on the extraction technique. However, according to the results of Duncan's multiple range test at the 95% significance level, the yield of extractive substances achieved by the reflux extraction was only significantly higher by approximately 5% than that obtained by the maceration, which was attributed to the higher extraction temperature. Compared to the silent maceration, sonication did not increase the yield of extractive substances at the 95% significance level, but ultrasound reduced greatly the time duration of the extraction process (1.5 h for ultrasonic extraction versus 4 hours for reflux extraction and 24 h for maceration). Previously, it was found that there was no significant increase in the extraction yield for prolonged extraction times than those applied. The reduction of time duration under sonication could be attributed to disruption of cell walls, particle size reduction and enhanced mass transfer of the cell content via cavitation bubble collapse [18, 19, 31] . There was no statistically significant difference at the significance level of 95% between the yields of extractive substances achieved by the reflux and ultrasonic extraction, which was attributed to the increase of temperature with the progress of extraction under sonication.
Antioxidant activity
The aqueous-ethanolic G. mollugo extracts obtained by three extraction techniques were subjected to screening for their possible antioxidant activity. Three complementary test systems, namely DPPH free radical-scavenging, total phenolic and total flavonoid compounds, were used for this purpose. Table 1 presents the EC 50 values and the amounts of total phenolic and total flavonoid compounds for all extracts, while Figure 1 shows the percentage of DPPH reduction with increasing the extractive substances concentration without and with incubation (20 min). According to the Duncan's multiple range test, the 20 min incubation is a statistically significant factor at the significance level of 95% only for the ultrasonic extraction. Table 1 show that all the investigated extracts have high phenolic and flavonoid contents, confirming an earlier observation that plant extracts with a high phenolics content also contain a high flavonoids content [32] . In general, extracts with a high antioxidant activity have a high phenolic content [27] . Total phenolics and flavonoids were present at the highest concentrations in extracts obtained by the reflux extraction, while their lowest concentrations were found in the extracts obtained by the maceration (Table 1 ). The results of Duncan's multiple range test for the contents of total phenols and total flavonoids were the same. At the significance level of 95%, both contents achieved by the reflux extraction were significantly higher than those reached by the maceration and ultrasonic extraction, and both contents achieved by the ultrasonic extraction were significantly higher than that obtained by the maceration. The extract obtained by the reflux extraction had higher amount of phenolics compound than those obtained by the maceration and ultrasonic extraction by 29.1 and 17.9%, respectively. Also, extract obtained by extraction with reflux had by 13.2% and 15.4% higher content of flavonoids than those obtained by maceration and ultrasonic extraction, respectively. This was explained by oxidation and degradation of some bioactive compounds in the interaction with highly reactive hydroxyl radicals formed during sonication of the aqueous solution [18] . Such composition of the extracts is probably due to the increased solubility of phenols and flavonoids in the extracting solvent at higher extraction temperatures.
As expected, the DPPH antioxidant activity of aqueous-ethanolic G. mollugo extracts increased with the increase of the concentration of extracts in the range from 0.005 to 0.30 mg/ml independently of the extraction technique applied (Figure 1) . The DPPH antioxidant activities of the most concentrated extracts (0.30 mg/ml) obtained by maceration, reflux and ultrasonic extractions were 98.9, 99.6 and 91.1% (with 20 min The EC 50 value is a parameter widely used to measure the free radical scavenging activity. The extract obtained by the reflux extraction had the lowest EC 50 value, meaning that it showed the best antioxidant activity. The results of Duncan's multiple range test showed that sonication had a statistically more significant impact on the EC 50 value at the significance level of 95%, compared to the maceration and reflux extraction. Also, it was shown that at the significance level of 95% the maceration was statistically more significant for the EC 50 value than the reflux extraction.
CONCLUSIONS
A comparative study of antioxidant activity, content of total phenolic and total flavonoid compounds of the aqueous-ethanolic extracts obtained from aerial parts G. mollugo by extraction in the presence (ultrasonic extraction) and the absence (maceration and reflux extraction) of ultrasound was carried out. The yields of extractive substances, total phenolics and total flavonoids, as well as the antioxidant activity of the extracts depend on the extraction technique used. The use of ultrasound reduces both the extraction time due to the positive impact of cavitation events and the antioxidant activity of the extracts due to the decrease of total phenolics and total flavonoids yields. The highest yield of extractive substances, content of total phenolic and total flavonoid compounds were found in the extract obtained by extraction with reflux. This extract showed the best antioxidant activity. The extract obtained by the reflux extraction having the highest amounts of extractive substances, as well as phenolic and flavonoids compounds showed the best antioxidant activity. The present investigation suggests that aqueous-ethanolic extracts of G. mollugo aerial parts are a potential source of natural antioxidants. However, more work should be done to determine individual phenolic compounds of the G. mollugo extracts, which are responsible for the antioxidant activity.
